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(3) Systems for optically inspecting cylindrical surfaces. 

(57) In the embodiment, the entire cylindrical sur- 
face of a cylindrical object such as a cigarette is 
optically inspected by first inspecting at least 
180° of the circumference of a first side of the 
surface, and then inspecting at least 180° of the 
circumference of the other side. Each of the 
inspection stations illuminates more than 180° 
of the circumference and images the surface 
from two angularly spaced directions to ensure 
that at least 1 80° of the circumference is seen at 
each station. Any object having a defective 
image is automatically rejected from the ap- 
paratus, and the images and other statistical 
information regarding the performance of the 
system are displayed by the system. The images 
are formed in such a way as to greatly increase 
the speed at which the inspection system oper- 
ates so that it an keep up with the very high 
rates at which objects such as cigarettes are 
made in modern machinery (e.g., approximately 
10,000 cigarettes per minute). The images are 
analyzed using techniques which make poss- 
ible the detection of very small defects and also 
compensate for possible nonuniform illumi- 
nation of the objects in the circumferential 
direction. 

In another embodiment, inspection of com- 
pleted cigaretes is accomplished by the cigaret- 
tes travelling on a rolling drum 1 pas a single 
stationary rolling block 12 with perferably two 
cameras 5,14 connected to a vision system. The 



first camera views the cigarette before the rol- 
ling block, the cigarette is then rolled approxi- 
mately 180° and then the second camera views 
the previousl hidden portion of the cigarett . 
Cigarettes are accepted or rejected bas d on a 
comparison of the viewed cigarettes to a pr de- 
termined set of characteristics. 
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Background of the invention 

This invention relates to systems for optically in- 
specting cylindrical surfaces such as the cylindrical 
surfaces of cigarettes. 

It is highly desirable to be able to inspect the en- 
tire cylindrical surface of cylindrical objects such as ci- 
garettes. Any of a wide variety of defects may occur 
in such objects, and it is desirable to have automated 
equipment for detecting those defects so that defec- 
tive objects can be rejected and/or so that any mal- 
functioning of the machinery producing those objects 
can be promptly identified and corrected. In the case 
of cigarettes, for example, the cylindrical surface may 
be defective due to a piece of tobacco stem piercing 
the paper, an imperfection in the way the filter has 
been joined to the remainder of the cigarette (includ- 
ing the possible complete absence of the intended fil- 
ter), an imperfectly formed side seal which leaves 
some of the tobacco visible, a discoloration of the pa- 
per, etc. 

Although inspection of this kind may take place 
at any stage in the production of the cigarettes, it can 
be advantageous to perform such inspection after 
processing of the individual cigarettes is complete or 
substantially complete. At this point in their fabrica- 
tion, the individual cigarettes are most easily moved 
through the cigarette making machinery transverse 
to their length. This makes it difficult to use known cyl- 
indrical surface inspection apparatus such as that 
shown, for example, in Heitmann et al. U.S. patent 
4,645,921 , which requires the cigarettes to be passed 
longitudinally through the inspection apparatus. 

On the other hand, with the cigarettes moving 
transverse to their length it is much more difficult to 
image the entire surface of the cigarette. For exam- 
ple, the cylindrical nature of the surface makes uni- 
form illumination of the surface and elimination of 
shadows difficult. Thus, it may be necessary to in- 
spect the surface piecemeal, but it is highly desirable 
to keep the number of inspections to a minimum in or- 
der to avoid undue proliferation of the inspection com- 
ponents. 

Tobacco smoking articles, such as cigarettes and 
cigars, are made into rods on machines which take cut 
filler that is formed into a continuous rod of tobacco, 
and encircles the tobacco with a continuous ribbon of 
paper which is glued and heat-sealed. The continu- 
ous tobacco rod is formed and sealed in the making 
machine and then proceeds to another processing 
machine, such as a tipper. The tipper attaches a filter 
plug cut to the appropriate length between two tobac- 
co rods. The tipper applies glue and wraps tipping pa- 
per around the filter segment and a portion of the to- 
bacco rods. This creates a double cigarette length. 
The two cigarettes are then cut and oriented into a 
single row. A tipper as described is shown, for exam- 
ple, in U.S. Patent No. 3,527,234 to Hinzmann. It is 



the completed cigar tte that is inspected for unsatis- 
factory conditions. 

Optical scanning of cigarettes during production 
is taught by U.S. Patent No. 4,277,678 to Wahl et al. 
5 There, a cigarett is inspected in the tipping machine 
by two optoelectrical units mounted on a single rolling 
drum. The cigarette is stopped in its path and rotated 
using a separate rotary element while the opto lec- 
trical units scan the cigarette's wrapper for unsatisf ac- 
ta tory conditions. Each optoelectrical unit scans the en- 
tire cigarette for particular unsatisfactory conditions. 

Other cigarette inspection systems test the cigar- 
ettes at several testing stations. Each station tests t he 
cigarette for one or two different types of unsatisfac- 
15 tory conditions. U.S. Patent No. 4,403,620 to Joseph 
et al., U.S. Patent No. 4,484,591 to Wahle et al. and 
U.S. Patent No. 4,901,860 to Wahle et al. all teach 
separate testing stations for different unsatisfactory 
conditions in cigarettes. 
20 Still other cigarette inspection systems use m re 

than one drum to create more than one inspection 
zone. U.S. Patent No. 4,639,592 to Heitman passes 
cigarettes before optical inspection devices located at 
certain points along a predetermined path. The path 
25 requires at least two vacuum drums each to expose 
one side of the cigarette. Note that Heitman specifi- 
cally prefers to not mechanically rotate the cigarette. 
Great British Patent No. 2,221,029 teaches a similar 
method. 

30 Further, other devices inspect cigarettes before 

they are completed. For example, U.S. Patent No. 
4,350,170 to Baier teaches inspection of the cigarette 
rod as it comes off the rod making machine by pass- 
ing the rod through an annular housing. A similar de- 

35 vice is taught by U.S. Patent No. 4,208,578 to 
McLoughlin et al. 

None of the devices known currently in the field, 
inspect cigarettes in the simple, effective, compact 
system as disclosed herein. This invention provides a 

40 method and apparatus to inspect cigarettes at the 
speeds of modern production while inspecting nearly 
the entire cigarette. 

It should also be noted that any successful in- 
spection system for products such as cigarettes must 

45 be extremely fast in order to keep pace with the high 
speeds at which such products are typically made. 
For example, it is now common for a single cigarette 
making machine to make cigarettes at rates ap- 
proaching 10,000 per minute. A successful cigarette 

50 inspection system must also be able to inspect for rel- 
atively small and/or subtle defects (e.g., a hole as 
small as about .5 millimeter in diameter or a minor dis- 
coloration of the cigarette paper). 

In view of the foregoing, it has been desired to im- 

55 prove and simplify systems for inspecting cylindrical 
surfaces. 

It has also been desired to provide cylindrical sur- 
face inspection systems which are capable of inspect- 
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ing the entire circumference of such surfaces at very 
high speeds. 

It has also been desired to provide an apparatus 
and method to visually inspect completed cigarettes. 

It has also been desired to provide an apparatus 
and method to that will automatically reject assem- 
bled cigarettes that do not meet inspection standards. 

It has also been desired to provide an apparatus 
and method to visually inspect nearly 360° of the cir- 
cumference of the assembled cigarette. 

It has also been desired to provide an apparatus 
and method to visually inspect nearly the entire sur- 
face of an assembled cigarette in a compact, efficient 
space employing a minimum of equipment. 

According to the invention there is provided ap- 
paratus for optically inspecting substantially the entire 
cylindrical surface of a cylindrical object comprising: 
a first support for supporting the object so that 
a first side of the said surface of the object is ex- 
posed; 

a first image former for forming a first image of 
the said first side; 

means for exposing a second side of the said 
surface of the object, the first and second sides to- 
gether including the whole of the said surface; 

a second image former for forming a second 
image of the said second side, the first and second 
sides together including the entire cylindrical surface 
of the object. 

There is also provided, according to the invention 
a method for optically inspecting substantially the en- 
tire cylindrical surface of a cylindrical object compris- 
ing: 

supporting the object on a support surface; 

inspecting a first portion of the cylindrical sur- 
face of the object to generate an image; 

rotating the object through 180°; 

inspecting a second portion of the cylindrical 
surface of the object, the first and second portions to- 
gether including the entire cylindrical surface of the 
object to generate another image; 

analyzing each image to determine whether or 
not they meet a predetermined criterion; and 

rejecting the object if the predetermined criter- 
ion is not met. 

In a first aspect, the invention provides cylindrical 
surface inspection systems in which the object having 
the cylindrical surface is first supported (e.g., on the 
surface of a first rotating drum) so that one side of the 
object (preferably including at least half of the circum- 
ference of the cylinder) is exposed for optical inspec- 
tion along a substantial length of the object. The ex- 
posed portion of the surface is illuminated by light 
from two linear light sources. These two light sources 
are aligned with th longitudinal axis of the cylindrical 
surface and are spaced apart by a relatively large dis- 
tance circumferentially of the cylindrical surface so 
that collectively they preferably illuminate at least half 



of the circumference of the surface. Light reflected 
from th surface in two radially different directions is 
then used to form images of the surface. Th two re- 
5 fl cted light directions are pr ferably intermediate the 
directions from which th light arrives from the two 
light sources. However, the two reflected light direc- 
tions are preferably sufficiently widely spaced circum- 
ferentialiy of the cylindrical surface so that collective- 

10 ly they provide image information regarding at least 
half the circumference of the surface. Optical compo- 
nents are preferably provided to direct the light re- 
flected from the above-mentioned two directions to a 
single camera to reduce the number of cameras re- 
ts quired. 

After passing the point at which the first side of 
the object is imaged as described above, the support 
for the object is changed to expose the other side for 
optica! inspection. For example, the object may be 

20 transferred from the surface of the above-mentioned 
first rotating drum to the surface of a second rotating 
drum. Again, preferably at least half the circumfer- 
ence of the cylinder is exposed. This newly exposed 
portion of the surface is Dluminated and imaged in the 

25 same way that the first side is illuminated and im- 
aged. A second camera (aided by optical components 
similar to those mentioned above in connection with 
the first camera) receives the reflected light from th 
two directions associated with the second side of th 

30 object 

Because the images of the cylindrical surface of 
the object typically do not fill the entire field of view 
of either of the above-mentioned cameras, only the 
portions of the camera screens containing cylindrical 

35 surface image information are scanned. The resulting 
saving in scanning time greatly speeds the operation 
of the system. 

Each partial image of the cylindrical surfac is 
analyzed to detect any defects in appearance. Al- 

40 though any of a wide variety of image analysis tech- 
niques can be used, in the preferred embodiments, 
each image is subdivided into a plurality of regions, 
each of which is aligned with the longitudinal axis of 
the cylindrical surface, and each of which is only a rel- 

45 atively small fraction of the dimension of the image 
transverse to that longitudinal axis. The image infor- 
mation in each of these regions is compared to ex- 
pected information for that region (e.g., on an abso- 
lute or relative basis). Aligning the regions with the 

so longitudinal axis of the cylindrical surface and confin- 
ing each region to a small fraction of the circumfer- 
ence of the cylinder increases the sensitivity of the 
system to possible variations in the illumination level 
of the object in the circumferential direction. 

55 On the basis of the foregoing analysis, any object 

having any unacceptable image is identified and pre- 
ferably rejected so that it does not continue on for the 
further processing to which acceptable objects are 
subjected. 
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This system also preferably includes means for 
displaying the images of the objects, especially the 
images of defective objects, so the operator of the 
system can observe the nature of any defects. The 
system may also display information regarding such 
statistics as the number and/or percentage of defec- 
tive objects encountered. 

The invention provides in a second aspect a ma- 
chine vision system comprising at least two-dimen- 
sional video cameras to inspect cigarettes at two pos- 
itions on a single rolling drum, preferably as part of 
the tipper. There is at least one rolling block that 
works in conjunction with the rolling drum to roll the 
cigarette. 

In the preferred operation, the first rolling block 
attaches a filter plug to the tobacco rods, as part of 
the standard tipping operation of the tipper. Located 
after the first rolling block is a first two-dimensional 
video camera to inspect nearly the entire first half of 
the completed single- or double-length cigarette. A 
second rolling block is then provided to roll the cigar- 
ette approximately 180°. Located after the second 
rolling block is a second two-dimensional video cam- 
era to inspect nearly the entire second half of the ci- 
garette. 

In an alternative embodiment, a rolling drum can 
be provided after the tipper to provide the space 
needed for a first inspection, rolling the completed ci- 
garette and then a second inspection. This drum 
could also be located just at the end of the tipper. 

The vision system determines, from the informa- 
tion provided by the video cameras, whether the ci- 
garette meets the preset characteristics for a com- 
pleted cigarette. If the cigarette does not meet those 
characteristics, the cigarette is removed from the ci- 
garette manufacturing system by a delivery/reject 
drum. The delivery/reject drum is located directly af- 
ter the rolling drum and may be conventional. 

The second aspect of the invention provides a 
compact, efficient system for inspecting completed ci- 
garettes at the high speeds of production encoun- 
tered in today's modern manufacturing systems. 

The invention will be further described, by way of 
example, with reference to the drawings, in which: 
FIG. 1 is a simplified elevational view of illustra- 
tive cylindrical surface inspection apparatus con- 
structed in accordance with the first aspect of the 
invention; 

FIG. 2 is a more detailed view of a representative 

portion of the apparatus of FIG. 1; 

FIG. 3 is a view taken along the line 3-3 in FIG. 

2; 

FIG. 4 is a simplified elevational view of a com- 
ponent which can be used in place of the compo- 
nent shown in FIG. 3; 

FIG. 5 is a simplified view taken generally along 
the line 5-5 in FIG. 2; 

FIG. 6 is a block diagram of illustrate control and 



analysis apparatus construct d in accordance 
with the principles of the first aspect of the inven- 
tion; 

5 FIGS. 7a and 7b are illustrative images formed on 

the video cameras in the apparatus of FIG. 1; 
FIG. 8 shows a composite of the images of FIGS. 
7a and 7b which is formed in the apparatus of 
FIG. 6; 

10 FIG. 9 is a diagram which is useful in explaining 

how the apparatus of FIG. 6 may analyze images; 
FIGS. 10a and 10b (collectively referred t as 
FIG. 10) are a flow chart of an illustrative image 
analysis process which can be carried out in the 

15 apparatus of FIG. 6; 

FIG. 11 is a flow chart showing how two steps in 
FIG. 1 0 can be modified to analyze images some- 
what differently ; 

FIG. 12 is a flow chart showing another possible 
20 modification of the above-mentioned two steps in 

FIG. 10; 

FIG. 13 is a simplified rendering of a typical dis- 
play on the display component in the apparatus 
of FIG. 6; 

25 FIG. 14 shows an alternative embodiment of a 

portion of FIG. 2; 

FIG. 15 shows another alternative embodim nt 
of a portion of FIG. 2; 

FIG. 16 is a view of an embodiment of apparatus 
30 according to the second aspect of the inv ntion 

isolated from the other parts of the tipper; 
FIG. 1 7 is a detailed view of the first rolling block 
working of FIG 1 in conjunction with the rolling 
drum; and 

35 FIG. 18 is a detailed view of the second rolling 

block of FIG. 1 working in conjunction with the 
rolling drum. 

Although the principles of this invention are 
equally applicable to inspecting the cylindrical surfac- 

40 es of other types of objects, the invention will b fully 
understood from the following explanation of its appli- 
cation to inspecting the cylindrical surfaces of finish- 
ed or substantially finished cigarettes. 

FIG. 1 shows the final portion 100 of a conven- 

45 tional Max S cigarette tipping machine which has 
been modified to include apparatus according to th 
first aspect of the present Max S machine is manufac- 
tured by Hauni-Werke Korber & Co. KG. of Hamburg, 
Germany. By the time cigarettes 1 2 reach the portion 

so of the machinery shown in FIG. 1, the fabrication of 
the cigarettes is complete and it remains only to in- 
spect them. Accordingly, as is conventional, the fin- 
ished cigarettes are deposited one after another on 
conventional rotating inspection drum 110. Inspection 

55 drum 110 has a plurality of circumferentialiy spaced, 
axially extending flutes 112 on its outer surface. Each 
flute receives one cigarette 12, and the cigarette is 
held in the flute by reduced pressure ('Vacuum") 
which is communicated to the bottom of the flute by 
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passageways extending radially to the flute from a va- 
cuum plenum in the interior of the drum. Such va- 
cuum is typically applied only throughout the portion 
of the circumfer nee of the drum to which the cigar- 5 
ettes are to be held as the drum rotates to convey the 
cigarettes. When a flute reaches the angular location 
at which the cigarette in that flute is to be transferred 
to another drum, the vacuum to that flute is cut off so 
that the next drum can pick up the cigarette with no 10 
resistance from the first drum. It will be noted that 
flutes 112 are shallow enough so that more than half 
the circumference of each cigarette is exposed. 

While the cigarettes are on inspection drum 110 
they are inspected in the conventional way by inspec- 1 5 
tion apparatus (not shown) which is part of the Hauni 
machinery. For example, a typical conventional in- 
spection test is a "dilution check" to make sure that 
the cigarette has the proper resistance to longitudinal 
air flow. 20 

In addition, while the cigarettes are on drum 110, 
they also pass dual image camera box 120a which is 
part of the optical inspection system of this invention. 
As will be described in more detail below, camera box 
120a illuminates more than 180° of the circumference 25 
of the cylindrical surface of each cigarette passing in 
front of it and forms two angularly spaced images of 
that surface. These two images collectively cover 
more than 1 80° of the circumference of the cylindrical 
surface of the cigarette. It should be noted that cam- 30 
era box 120a is preferably located adjacent an upper 
portion of the circumference of inspection drum 110, 
and that it is also preferably angled down toward the 
cigarette which is being illuminated and imaged. This 
helps keep any dust and debris from accumulating on 35 
the front of box 120a (i.e., the side directed toward the 
cigarettes). Such dust and debris could interfere with 
proper illumination and imaging of the cigarettes in 
accordance with this invention. 

After passing camera box 120a, the cigarettes 40 
are transferred from inspection drum 110 to conven- 
tional reject drum 130. Drum 130 is a rotating, fluted, 
vacuum drum like drum 110. Any cigarette which the 
conventional Hauni inspection apparatus has found to 
be defective on drum 1 1 0 is blown off reject drum 1 30 45 
and thereby rejected in the conventional way by con- 
ventional Hauni reject apparatus (not shown). Cigar- 
ettes found to be defective by the optical inspection 
apparatus of the first aspect of the invention are re- 
jected at a later point as is explained below. so 

After passing approximately half way around re- 
ject drum 130, the cigarettes are transferred to con- 
ventional transfer drum 140. Transfer drum 140 is an- 
other rotating, fluted, vacuum drum like the previous- 
ly described drums. Drum 140 conveys cigarettes 12 55 
from reject drum 130 to elevator drum 150. 

Elevator drum 150 is still another substantially 
conventional, rotating, fluted, vacuum drum like 
those described above, although certain modifica- 



tions of drum 150 in accordance with the first aspect 
of the invention are discussed below. Elevator drum 
150 conveys cigarettes 12 from transfer drum 140 
past a second dual image camera box 1 20b to stacker 
drum 160. Camera box 120b may be substantially 
identical to box 120a. Accordingly, box 120b illumin- 
ates more than 180° of the exposed cylindrical sur- 
face of each cigarette passing box 120b on drum 150, 
and also forms two angularly spaced images of that 
surface. Again, these two images cover more than 
half the circumference of the cigarette surface. It will 
be noted, however, that the side of each cigarett ex- 
posed on drum 150 is diametrically opposite the side 
which is exposed on drum 110. Accordingly, the four 
images formed by camera boxes 120a and 120b col- 
lectively cover the entire circumference of the cylin- 
drical surface of each cigarette. Indeed, each of these 
four images preferably overlaps the two circumfer n- 
tially adjacent images to some extent to ensure that 
no part of the circumference of any cigarette is unin- 
spected. It will also be noted that camera box 120b is 
adjacent an upper portion of drum 150, and that box 
1 20b is angled down toward the cigarette that is being 
illuminated and imaged by that box. As in the case of 
camera box 120a, this helps keep dust and debris 
from accumulating on the front of box 120b and inter- 
fering with the performance of the box. Associating 
camera boxes 120a and 120b with two widely spaced 
drums 110 and 150 (i.e., drums which are spaced 
apart by two other drums 130 and 140) facilitates 
positioning both of the camera boxes so that they are 
adjacent the upper portion of a drum and directed 
downwardly so that neither accumulates dust and d - 
bris. 

By the time each cigarette is approaching th top 
of elevator drum 150, the optical inspection appara- 
tus of the first aspect of the invention has completed 
its inspection and analysis of the cigarette and has 
made a determination as to whether or not th cigar- 
ette has an acceptable appearance. If the appear- 
ance of the cigarette is acceptable, the cigarette is 
transferred from elevator drum 150 to stacker drum 
160. On the other hand, if the appearance of the ci- 
garette is not acceptable, transfer of the cigarette 
from drum 150 to drum 160 is prevented by a brief 
blast of pressurized air from inhibit transfer port 162 
(see US patent application Serial No. 884 741. Ac- 
cordingly, the defective cigarette remains on drum 
1 50. Drum 150 is modified so that the vacuum, which 
is turned off adjacentthe nip between drums 150 and 
160, is turned on again immediately beyond that nip. 
This holds any defective cigarettes which do not 
transfer to drum 1 60 to drum 1 50. These defectiv ci- 
garettes are conveyed by drum 150 to stripper 152 
which strips the defective cigarettes from the drum in 
order to reject them. The cigarettes extend axially be- 
yond both end faces f drum 150 so that fingers of 
stripper 1 52 adjacent those end faces can engage t h 
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cigarettes and strip them from the drum. The rejected 
cigarettes collected by stripper 152 are conveyed out 
of th machine (e.g., by pressurized air flowing 
through the stripper). 

R turning to the discussion of drum 160, cigar- 
ettes which have not been rejected by either the con- 
ventional Hauni reject mechanisms associated with 
reject drum 130 or the above-described reject mech- 
anism of this invention transfer to drum 160 and are 
conveyed by that drum to the conventional stack 
forming region 170 of the machine. Stack former 170 
removes the cigarettes from drum 160 and forms 
them into a stack for conveyance by mass flow con- 
veyor 180. Alternatively, a conventional tray filler may 
be used to fill trays with the cigarettes removed from 
drum 160. 

Turning now to a more detailed consideration of 
the construction and operation of dual image camera 
boxes 120a and 120b, the major components of atyp- 
ical one of such boxes are shown in FIG. 2. Box 120 
in FIG. 2 may be either box 120a or box 120b in FIG. 
1 . Similarly, drum 20 in FIG. 2 may be either drum 110 
or drum 150 in FIG. 1. Although shown rotating coun- 
terclockwise in FIG. 2, drum 20 may rotate in either 
direction in front of box 120. 

As drum 20 revolves, it positions cigarettes 12 
one after another midway between two linear light 
sources 30a and 30b associated with camera box 
120. In FIG. 2 the cigarette identified by the letter A 
is thus positioned midway between the light sources. 
The linear axis of each of light sources 30 is substan- 
tially parallel to the longitudinal axis of cigarette A(i.e., 
perpendicular to the plane in which FIG. 2 is drawn). 
Although light sources 30 may illuminate any sub- 
stantial portion of the length of cigarette A (e.g., at 
least a length greater than the circumference of the 
cigarette), in the depicted preferred embodiment light 
sources 30 illuminate the entire length of the cigar- 
ette. Both of light sources 30 are aimed at the cylin- 
drical surface of cigarette A. However, light sources 
30 are spaced apart quite widely in the circumferen- 
tial direction around cigarette A. Accordingly, light 
sources 30 collectively illuminate the entire exposed 
surface of cigarette A. For example, in the particular 
embodiment shown in FIG. 2 the angle between light 
sources 30 is approximately 118° so that approxi- 
mately 270° of the circumference of cigarette A is il- 
luminated by the combined effect of the two light 
sources. The illumination of cigarette A from light 
sources 30 is preferably both axially and circumferen- 
tially quite uniform and free from shadows (e.g., from 
cigarette A itself and from other cigarettes which are 
circumferentially adjacent to cigarette Aon drum 20). 

Light sources 30 may be provided in any f sev- 
eral ways. In the embodiment shown in FIGS. 2 and 
3, for example, optical fibers are used. The ends 33 
of several bundles 32 of optical fibers are fanned or 
combed out in a linear array behind a translucent 



plastic (e.g., Lexan) strip 34. This array of optical fib- 
ers is stabilized and aimed at cigarette A by being 
clamped between members 36 and 38. Strip 34 

5 somewhat diffuses the light from the optical fibers to 
help promote uniform illumination of cigarette A. As an 
alternative (shown in FIG. 4), each light source 30 
could be formed of a line of light emitting diodes 40. 
Although the illumination produced by light 

10 sources 30 is described above as axially uniform, th 
light produced by these light sources can be "pro- 
grammed" in various ways if desired. For example, to 
compensate for a possible difference in the distance 
between light sources 30 and cigarette A, the farther 

15 light source could be illuminated more brightly. Simi- 
larly, to enhance or deemphasize certain features or 
regions of cigarette A, corresponding axial portions of 
light sources 30 could be illuminated more or less 
brightly than other axial portions. Not all of each light 

20 source 30 may need to be illuminated at the same 
time, but instead the illumination could "scan" along 
the length of the light source. The "color of light 
sources 30 can also be selected as desired. For x- 
ample, it may be desired to use infrared (IR) light 

25 sources combined with IR filtering of the light reflect- 
ed from cigarette A in order to reduce or eliminate dis- 
turbances from ambient light. 

Regardless of the structure of light sourc s 30, 
they are preferably strobed (i.e., briefly illuminated) 

30 each time a cigarette is properly positioned betw en 
them on drum 20. This has the effect of "freezing" th 
motion of the cigarette being inspected. 

Light reflected from two circumferentially differ- 
ent (although preferably immediately adjacent or 

35 even somewhat overlapping) regions of cigarett A il- 
luminated by light sources 30 passes through aper- 
tures 52a and 52b in aperture plate 50 which is locat- 
ed between light sources 30 opposite cigarette A. Lik 
light sources 30, apertures 52 are preferably linear 

40 and parallel to the longitudinal axis of cigarette A (see 
also FIG. 5). Although apertures 52 could be short r 
(e.g., in the event that light sources 30 illuminate only 
a portion of the length of cigarette A), in the depicted 
preferred embodiment in which light sources 30 illu- 

45 minate the full length of cigarette A, apertures 52 are 
also long enough to pass light reflected from the en- 
tire length of the cigarette. The thickness of aperture 
plate 50 and the sizes and shapes of apertures 52 are 
preferably chosen to mask light reflected from extra- 

50 neous surfaces such as the surfaces of the cigarettes 
adjacent to cigarette A on drum 20. In addition, the 
masking effect of apertures 52 is preferably en- 
hanced by another aperture plate 54 behind plate 50 
with apertures 56 that are optically aligned with aper- 

55 tures 52 to thereby effectively increas the thickness 
of plate 50. Although between light sources 30 and 
therefore closer together than the light sources, 
apertures 52 are nevertheless spaced sufficiently far 
apart circumferentially f cigarette A so that colleo 
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tively they pass light reflected from at least half (and 
preferably somewhat more than half) the circumfer- 
ence of that cigarette. For xample, in the particular 
embodiment shown in FIG. 2 the angle between the 
optical paths defined by apertures 52 is approximate- 
ly 57° so that approximately 240° of the circumfer- 
ence of cigarette A is imaged by the combined effect 
of these two apertures. 

The reflected light passing through aperture 52a 
is directed to one portion of the photosensitive image 
surface of conventional video camera 80 by mirrors 
62 and 64. Similarly, the reflected light passing 
through aperture 52b is directed to another portion of 
the image area of camera 80 by mirrors 66 and 68. Ac- 
cordingly, camera 80 receives image information for 
at least half (preferably more than half) the circumfer- 
ence of the surface of cigarette A and produces a vid- 
eo output signal indicative of all of that image infor- 
mation. 

In order to ensure that both of the images re- 
ceived by camera 80 are focused, the length of the 
paths along which both images travel must be the 
same. Mirrors 62, 64, 66, and 68 are therefore posi- 
tioned to make these two image paths the same 
length. In addition, for reasons that will become more 
apparent hereafter, it may be desirable to make the 
images fall on a particular portion of the camera 
screen (e.g., on a portion of the screen which is at or 
near the start of the scanning sequence). This can be 
accomplished by appropriate choice of such factors 
as the locations and angles of apertures 52 and mir- 
rors 62, 64, 66, and 68. 

Although various types of video cameras can be 
employed, in the preferred embodiments in which im- 
ages must be captured at very high speeds (e.g., at 
the rate of approximately 10,000 per minute), camera 
80 is preferably a high speed, charge coupled device 
("CCD") camera. 

FIG. 6 shows an illustrative embodiment of con- 
trol and analysis apparatus 200 for the optical inspec- 
tion systems of the first aspect of the invtion. Much of 
apparatus 200 is commercially available optical in- 
spection apparatus (e.g., the 400 VPC machine vision 
system available from Pattern Processing Technolo- 
gies, Inc. of Eden Prairie, Minnesota, although this 
apparatus has been specially adapted and program- 
med as discussed below in accordance with the pres- 
ent invention. A central component of apparatus 200 
is processor 21 0. Processor 210 includes three major 
subsystems. These are frame grabber 212, image 
processor 214, and computational unit 216 (e.g., a 
conventional microprocessor). 

Shaft encoder 220 is associated with the mech- 
anical portion of the cigarette making machine (e.g., 
the apparatus shown in FIG. 1) and produces an out- 
put signal pulse after each predetermined increment 
of motion of the machinery. For example, shaft en- 
coder 220 may be thought of as producing an output 



pulse each time a cigarett is positioned at location A 
(FIG. 2) opposite either of camera boxes 120. (Al- 
though not mentioned previously, it will be under- 

5 stood that cam ra boxes 120 are preferably posi- 
tioned in FIG. 1 so that both boxes have a cigarette 
at the associated location A at the same time.) 

Image processor 214 receives the above- 
mentioned shaft encoder pulses and causes the re- 

10 mainder of apparatus 200 to perform one complete 
cycle of operation in response to each pulse. In par- 
ticular, in response to receipt of a shaft encoder pulse 
indicating that a cigarette is at position A opposite 
each of camera boxes 120, image processor 214 

15 causes strobe circuitry 230 to briefly illuminate the 
light sources 30 of both camera boxes 120. Image 
processor 214 also causes frame grabber 212 to be- 
gin the scanning of the cameras 80 in both camera 
boxes. 

20 As suggested above, the cigarette images cap- 

tured by one of boxes 120 (e.g., box 120a) are pref r- 
ably directed to the portion of the photosensitive ar a 
of the camera 80 in that box which is first to be scan- 
ned, while the cigarette images captured by the other 

25 of boxes 120 (e.g., box 120b) are preferably directed 
to the portion of the photosensitive area of the cam- 
era 80 in the second box which is scanned immediate- 
ly after the above-mentioned portion of the first cam- 
era has been scanned. This is illustrated by FIGS. 7a 

30 and 7b, which respectively show how the cigarette im- 
ages fall on the photosensitive areas of the cameras 
in boxes 120a and 120b in the above-described x- 
ample. 

Frame grabber 212 initially controls multiplexer 

35 240 to pass only the output signal of the camera in 
box 120a (assuming that the camera in that box re- 
ceives the image shown in FIG. 7a). After the mean- 
ingful portion of the image captured by box 120a has 
been scanned, frame grabber 212 causes multiplexer 

40 240 to switch so that it passes only the output signal 
of the camera in box 120b. Accordingly, the output 
signal of multiplexer 240 represents a composite of 
the FIGS. 7a and 7b images as shown in FIG. 8. 
Frame grabber 21 2 stops all scanning of the cameras 

45 in boxes 120 after all meaningful image information 
has been scanned. For example, in a preferred em- 
bodiment in which the photosensitive area of each 
camera is 640 pixels wide (parallel to the longitudinal 
axes of the cigarette images) by 480 pixels high, it 

so may only be necessary to scan about 200 to 230 lines 
of the photosensitive areas of the cameras. The first 
100 to 115 scan lines in the output signal of multiplex- 
er 240 then come from the camera in box 120a, while 
the remaining 100 to 115 lines come from the camera 

55 in box 120b. The placement of the meaningful image 
information on the photosensitive areas of the cam- 
eras so that only portions of those areas need to be 
scanned, and the resulting partial scanning of the 
photosensitive areas, greatly increases the speed 
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with which the system can process images. 

In addition to controlling the scanning operations 
of the cameras in boxes 120, frame grabber 212 digi- 
tizes the analog video output signal of multiplexer 240 5 
(e.g., by associating an appropriate one of 256 digital 
gray scale values with each pixel). The resulting dig- 
ital image data is passed to image processor 214 for 
analysis to determine if the cigarette images contain 
any defects. 10 

Although image processor 214 could analyze the 
cigarette images in other ways, in the depicted pre- 
ferred embodiment image processor 214 subdivides 
each cigarette image into many small regions 14 as 
shown, for example, in FIG. 9. Each region 14 is a rec- 15 
tangle having a relatively long dimension aligned with 
the longitudinal axis of the cigarette and a short di- 
mension which is only a fraction of the width of the ci- 
garette image (transverse to the longitudinal axis of 
cigarette). For example, each region may be 40 pixels 20 
long (parallel to the longitudinal axis of the cigarette) 
by two pixels wide. Use of such fairly small regions fa- 
cilitates detection of relatively small image defects. 
Use of regions which are only a small fraction of the 
width of the cigarette images (perpendicular to the 25 
longitudinal axis of the cigarette) helps the system 
compensate or adjust for possible nonuniformity in 
the level of illumination of the cigarette in the circum- 
ferential direction. This latter point will become more 
apparent as the discussion proceeds. 30 

Image processor 214 separately analyzes the 
pixel values in each of regions 14. Again, any of sev- 
eral techniques can be used for this analysis, but 
three exemplary techniques will be discussed here 
with reference to FIGS. 10-12. In the first technique 36 
(FIG. 10), after performing step 310 to subdivide the 
image into regions 14 as described above, image 
processor 214 compares each of the pixel values as- 
sociated with a region to a predetermined threshold 
value associated with that region (step 320). If more 40 
than a predetermined number of pixel values are be- 
low (or alternatively above) that threshold value 
(steps 330 and 340), the associated image region is 
identified as defective (step 350). If a predetermined 
number of regions (e.g., one or more) are thus found 45 
to be defective (step 380), the associated cigarette is 
identified as defective (step 390) and is therefore re- 
jected when it reaches the point at which it would 
otherwise be transferred from drum 150 to drum 160 
in the apparatus of FIG. 1 . so 

A variation of the foregoing technique (shown in 
FIG. 11) is for image processor 214 to compare each 
pixel value in each region 14 to two predetermined 
threshold values associated with that region (step 
320'), and to count the number of pixels having values 55 
outside the range between those thresholds (step 
330'). If the resulting count is more than a predeter- 
mined number (step 340), the region is identified as 
having a defective image (step 350). 



Another technique for analyzing the pixel values 
in each region 14 is shown in FIG. 12. (FIG. 12 bears 
a similar relationship to FIG. 10 that FIG. 11 bears to 
FIG. 10, namely, the basic analytical proc ss is 
shown in FIG. 10, but steps 320 and 330 in that FIG. 
are replaced by steps 320* and 330' in FIG. 11 or 
steps 315, 320", and 330" in FIG. 12.) In FIG. 12 im- 
age processor 214 computes the average of all of the 
pixel values in each region (step 315). Each pixel val- 
ue in the region is then compared to this averag 
(step 320"). If more than a predetermined number of 
pixels have values which deviate from this average by 
more than a predetermined amount (steps 330" and 
340), the region is identified as having a defective im- 
age (step 350). Processing then continues as descri- 
bed above in connection with FIG. 10. The technique 
of FIG. 12 helps render the apparatus insensitive to 
changes in llumination level from image to image. 

In addition to performing overall inspection of the 
cigarette images for defects in appearance, the sys- 
tem can be used to perform other tests on the cigar- 
ette. For example, the apparatus can ensure that the 
length and/or diameter of the cigarette are within ac- 
ceptable limits. If the cigarettes contrasts suff iciently 
with the supporting drum surfaces, the system can 
readily locate the pixel regions 14 at which th tran- 
sitions between cigarette image and drum tmag oc- 
cur. The system can then determine whether th se 
transitions have the proper spacing side to side (ci- 
garette diameter) or end to end (cigarette length). If 
not, this can form a basis for rejecting the cigarette. 
Other properties such as the straightness f th 
above-mentioned transition regions can also be test- 
ed to detect defects such as "flags" (wrapping com- 
ponents which are not properly or fully glued down), 
improperly cut ends, etc. 

Whenever image processor 214 detects a def c- 
tive cigarette image as described above, it r cords 
that fact (e.g., in the appropriate stage of a shift r g- 
ister which shifts at the same rate as the cigarettes 
are being imaged). Thereafter, when enough inspec- 
tion cycles have elapsed for the defective cigarette to 
travel from the imaging location (i.e., either the loca- 
tion opposite camera box 120a or the location oppo- 
site camera box 120b) at which it was found to be de- 
fective to the point at which it would normally transfer 
from drum 150 to drum 160, image processor 214 
produces a reject output signal pulse which is applied 
to reject control 250. Reject control 250 causes inhibit 
transfer port 1 62 (FIG. 1 ) to emit the above-described 
pressurized air pulse required to prevent the defec- 
tive cigarette from transferring from drum 1 50 to drum 
160. This causes the defective cigarette to be reject- 
ed from the machine as is explained above in connec- 
tion with FIG. 1. 

In addition to inspecting and rejecting defectiv 
cigarettes, the system may also have a display 260 on 
which the images of the cigarettes and other data re- 
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garding the performance of the system are displayed. 
For example, FIG. 13 shows one possible arrange- 
ment of a video display 260. Four cigarette images are 
displayed in region 262. Thes may be the images 5 
most recently received by frame grabber 212. If de- 
sired, display 260 may hold for a few seconds any im- 
age found to be defective so that the operator of the 
machine can observe the defective image. Statistical 
information regarding the performance of the system 10 
is displayed in region 264. For example, in region 
264a the percentage of defective cigarettes formed in 
this run may be displayed. In region 264b the current 
speed of the machine (e.g., in cigarettes per minute) 
may be displayed. In region 264c the number of good is 
images (views A and B) received from camera box 
120a and the number of good images (views C and 
D) received from camera box 120b in this run are dis- 
played. In region 264d the number of defective views 
AB and CO, and the total number of defective views 20 
received in this run are displayed. Still other statistical 
information is displayed in region 266. This includes 
(in region 266a) a moving histogram showing the de- 
fect rate per 1000 cigarettes for the several most re- 
cent seconds of machine operation. And in region 25 
266b a more current defect rate (e.g., the defect per- 
centage for the most recently produced 1000 cigar- 
ettes) is displayed. Computational unit 216 (FIG. 6) 
may compute and provide the displayed statistical in- 
formation (e.g., by counting frame initiation and reject 30 
initiation output pulses from image processor 214). 
Lastly, assuming that display is a so-called touch 
screen display, several touch screen "buttons" are 
displayed in region 268 for allowing the operator of 
the system to control certain aspects of the operation 35 
of the system (e.g., to reset the accumulation of stat- 
istical information or to modify the display in some de- 
sired way). 

It will be understood that the foregoing is merely 
illustrative of the principles of the first aspect of the 40 
invention, and that various modifications can be 
made by those skilled in the art 

For example, as an alternative to the system of 
mirrors 62, 64, 66, and 68 shown in FIG. 2 fordirecting 
light from divergent apertures 52 to camera 80, a 45 
prism 70 may be used for this purpose as shown in 
FIG. 1 4. One operative portion 70a of prism 70 is used 
to redirect light (by refraction) from aperture 52a to 
camera 80, while another operative portion 70b of the 
prism is used to redirectlight (by refraction) from aper- so 
ture 52b to the camera. Another alternative prism em- 
bodiment 470 is shown in FIG. 15. In this alternative, 
light from aperture 52a enters one portion of the prism 
and is reflected internally off surfaces 470a and 470b 
in order to redirect the light toward camera 80. Light ss 
from aperture 52b enters another portion of prism 470 
and is reflected internally off surfaces 470c and 470d 
in order to redirect the light toward camera 80. 

FIG. 16 shows the components of an embodi- 



ment of the second aspect of this invention. There is 
a rolling drum 1 that is preferably a suction drum. The 
drum has a peripheral rolling surface 2, which is 
caused, by a drive means (not shown), to advance at 
as contstant angular speed in a preferably counter- 
clockwise direction. On the rolling surface 2, there 
are a plurality of successive axially parallel flutes 4 
spaced from each other by identical distances. The 
flutes 4 extend at right angles to the direction of travel 
of the rolling surface 2. Also, each of the flutes 4 is 
arranged to hold tobacco rods, double-length cigar- 
ettes or single-length cigarettes in place. The drum 1 
is rotatable on a shaft (not shown) that extends to a 
conventional part of the tipper. The drive means for 
the rolling drum is also a conventional part of the tip- 
per. In alternative embodiments, it should be under- 
stood that while certain details are considered con- 
ventional to the tipper, those details would be provid- 
ed for if the embodiment of the invention being con- 
sidered did not reside on the tipper. 

It should also be understood that although dou- 
ble-length cigarettes are referred to throughout this 
portion of the description to describe a preferred em- 
bodiment of this invention, one of ordinary skill in the 
art will appreciate that single-length cigarettes could 
also be inspected using this invention. As such, the 
term "completed cigarette" will be used to mean any 
cigarette whethersingle ordouble-length, and wheth- 
er attached to a filter or not. 

Working in conjunction with the rolling drum 1 is 
a first rolling block 3. The first rolling block 3 is pre- 
ferably a stationary block having a concave counter- 
surface 11 cooperating with the rolling surface 2 to 
define therewith an elongated curved channel or gap 
8 best shown in FIG. 12. The gap 8 between the first 
rolling block 3 and the rolling drum 1 has a length suf- 
ficient to roll the tipping paper and attach the filter 
plug to the tobacco rods. The width of the gap 8 is less 
than the diameter of the completed cigarette so that 
the two surfaces cause the cigarette to roll during 
travel through the gap 8. There are several auxiliary 
pieces of equipment that serve to feed the tobacco 
rods and filter plugs to the rolling drum and the inven- 
tion. There is also auxiliary equipment to remove the 
completed cigarettes from the rolling drum. Such aux- 
iliary equipment is conventional, and described, for 
example, in U.S. Patent No. 3,527,234 to Hinzmann. 

The depth of flutes 4 on the rolling drum 1 is only 
a fraction of the width of the gap 8. Each flute 4 is in 
communication with the intake ends of several radial 
suction ducts (not shown) and the inner or discharge 
ends of suction ducts. These ducts provide suction to 
attract the tipping paper, the tobacco rods and the fil- 
ter plugs. The suction from the ducts holds the cigar- 
ettes against the force of gravity and centrifugal force 
while they travel along the rolling drum 1 before and 
after tipping and inspection. 

Aft r the filter plug has been attached to the to- 
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bacco rods, the completed cigarette 9 m ves clear of 
the first rolling block 3 as it rests in its respective flute 

4, held there by the suction ducts. The complete ci- 
garette 9 is then first inspected 5 

It will be appreciated by one of skill in the art that 
should the rolling drum be located at the end of or af- 
ter the tipper, then the first inspection will be after the 
completed cigarette is transferred to the rolling drum. 
A first camera 5 is provided, as shown in FIG. 16, to 10 
view the cigarette on the rolling surface 2 and is pre- 
ferably two-dimensional. The first camera 5 has a 
lens arranged to receive light reflected off of the ci- 
garette 9 as cigarette 9 travels past the first camera 

5. 15 
In a preferred embodiment, there is a light source 

20 attached to first camera 5. The light source 20 is 
arranged such that the light radiation is directed to- 
wards the portion of the rolling surface 2 focused on 
by the first camera 5. The light source 20 provides 20 
sufficient light to allow each cigarette length to reflect 
enough light for the camera to properly operate, 
thereby allowing inspection. 

The cigarette 9 remains in its respective flute 4 as 
the rolling drum 1 continues in a preferably counter- 25 
clockwise direction. After inspection by the first cam- 
era 5, the cigarette 9 is rolled approximately 180° by 
a second rolling block 12 working in conjunction with 
the rolling drum 1. As shown in FIG. 18, the second 
rolling block 12 is preferably a stationary block and so 
has a concave counter-surface 13 cooperating with 
the rolling surface 2 to define therewith an elongated 
curved channel or gap 18. The gap 18 between the 
counter-surface 13 and the rolling surface 2 has an 
arc length sufficient to roll the cigarette 9 by approx- 35 
imately 180° from its position before entering the gap 
18. The gap 18 has a width that is less than the di- 
ameter of the cigarette 9 so that the surfaces defining 
the gap cause the cigarette 9 to roll during travel 
through the gap. The concave counter-surface 13 40 
has a surface that provides sufficient friction to ro- 
tate, but not damage, the cigarette 9. The counter- 
surface 1 3 has a front edge 1 9 to receive the cigarette 
9. As the rolling surface 2 preferably travels in a coun- 
terclockwise direction, the cigarette 9 rolls in a prefer- 45 
ably clockwise direction in its respective flute 4. While 
the rolling block 12 is described as stationary, it need 
only be stationary with respect to the rolling drum 1. 
In a preferred embodiment, the rolling block 12 is at- 
tached in an adjustable manner by an attachment so 
means 17. The attachment means 17 allows the roll- 
ing block 12 to be adjusted for different cigarette di- 
ameters. 

After the cigarette 9 has been rotated, a second 
camera 14 is provided, preferably two-dimensional, to 55 
inspect nearly 180° of the cigarette. In a preferred 
embodiment there is a light source 21 attached to the 
second camera 14. The light source 21 is arranged 
such that the light given off is directed towards the 



portion of the rolling surface 2 focused on by the sec- 
ond camera 14. The light source 21 provides suffi- 
cient light to allow each cigarette t reflect enough 
light for the second camera 14 to properly operate, 
thereby allowing inspection. 

The cameras 5, 14 are video cameras that may 
be conventional as known to those skilled in the art. 
The first camera 5 is placed such that the lens of the 
camera views the cigarette after the cigarette has 
moved past the first rolling block. The second camera 
14 is placed such that the lens of the camera vi ws 
the cigarette after it has been rotated approximately 
180° by the second rolling block 12. Each camera 
views nearly 180° of the circumference of the cigar- 
ette 9. Therefore, since the portion of the cigarette 9 
hidden to the first camera 5, is inspected by the sec- 
ond camera 14. nearly the entire cigarette is inspect- 
ed on a single rolling drum. 

In a preferred embodiment in addition to the in- 
dividual cameras 5 and 14, there are third and fourth 
cameras 22, 23. The third camera 22 is arranged to 
view the cigarette at the same location on the rolling 
surface 2 as the first camera 5 and Is also connected 
to the vision system 30. The fourth camera 23 ar- 
ranged to view the cigarette at the same location on 
the rolling surface 2 as the second camera 14. More 
than one camera viewing the cigarette at each in- 
spection point allows more than 180° of inspection of 
the cigarette's circumference. Thus, it is possibl t 
inspect the entire cigarette circumference. Alterna- 
tively, any method to get two views of the completed 
cigarette at each of the two inspection points will al- 
low for inspection of the entire cigarette circumfer- 
ence. 

A vision system 30 is employed in this invention 
and may be conventional. The vision system 30 is 
connected to each of the first and second cameras 5, 
14 to receive the signals outputted by the camera as 
a result of their having viewed the cigarette 9. G n- 
erally, the information received from the cameras is 
compared to a predetermined set of characteristics. 
The vision system 30 determines such characteristics 
and unsatisfactory conditions as stem holes, skewed 
or torn tipping, spots from glue, flavors or oil, tobacco 
under the rod seam, torn ends on the cigarette end, 
and the dimensions of the cigarette (including its 
length and diameter). For example, a vision monitor- 
ing system such as that produced by Pattern Proc- 
essing Technologies, Inc., model 400 VPC™ will 
serve the purposes of this invention. See also U.S. 
Patent No. 3,049,588 to Barnett for a camera system 
used to inspect and compare an object to a standard. 

After the second camera inspection, the cigar- 
ette 9 passes to a delivery/reject unit. As shown in 
FIG. 16, this comprises at least a delivery/reject drum 
16. The delivery/reject drum 16 is a second vacuum 
drum with a traveling surface that rolls in a direction 
opposite from that of the rolling drum 1 . The deliv- 
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ery/reject drum 16 receives the cigarette 9 from the 
rolling drum 1. In r sponse to signals received from 
the vision system 30, the cigarette 9 is either rejected 
or, preferably, delivered by the delivery/reject drum to 5 
another part of th tipper that divides double-length 
cigarettes into two single-length cigarettes. Delivery 
of completed cigarettes by the delivery/reject drum 
can be to any machinery that directly follows the de- 
livery/reject drum. For example, in an alternative em- 10 
bodiment, the apparatus may be located just up- 
stream of a cigarette packer, and then the delivery/re- 
ject drum would deliver approved completed cigar- 
ettes directly to the packer. 

A cigarette 9 is rejected if it does not meet t he pre- 15 
determined set of characteristics programmed into 
the vision system. Rejected completed cigarettes are 
sent to a recycle unit for recycling of at least the to- 
bacco. Transfer of the cigarette 9 between the rolling 
drum 1 and the delivery/reject drum 16 may be con- 20 
venttonal. See for example, U.S. Patent No. 
3,527,234 to Hinzmann. The signals received from 
the vision system may also be conventional. See for 
example U.S. Patent No. 3,049,588 to Barnett. 

It is clear that white two rolling blocks are dis- 25 
cussed, only one roiling block is required for inspec- 
tion of a cigarette. One of ordinary skill in the art will 
appreciate that any rolling surface and relative sta- 
tionary block with two cameras and a vision system 
may be employed. 30 



Claims 



1. Apparatus for optically inspecting substantially 
the entire cylindrical surface of a cylindrical ob- 
ject (9) comprising: 

a first support (110)(1) for supporting the 
object (9) so that a first side of the said surface 
of the object is exposed; 

a first image former (1 20a)(5) for forming 
a first image of the said first side; 

means (130,140,150)(12) for exposing a 
second side of the said surface of the object (9), 
the first and second sides together including the 
whole of the said surface; 

a second image former (120b) (14) for 
forming a second image of the said second side, 
the first and second sides together including the 
entire cylindrical surface of the object. 

2. Apparatus according to claim 1 for optically in- 
specting substantially the entire circumference of 
the cylindrical surface of a cylindrical object (12) 
comprising: 

a first object support (10) for supporting 
the object s that a first side of the said surface 
of the object is exposed for optical inspection; 

a first image former (120a) for forming a 



first image of the said first side, the first image in- 
cluding a first predetermined fraction of the cir- 
cumference of the said surface; 

a second object support (130,140,150) for 
receiving the said object from the first object sup- 
port (110) and for suppporting the said object so 
that a second side of the said surface is exposed 
for optical inspection, the said second side in- 
cluding all portions of the circumference of the 
said surface which are not included in the said 
first side; and 

a second image former (120b) for forming 
a second image of the said second side, the sec- 
ond image including all portions of the circumfer- 
ence of the said surface which are not included 
in the first image. 

3. Apparatus according to claim 2 wherein the first 
object support comprises: 

a first drum (110) having a substantially 
cylindrical surface which is mounted for concen- 
tric rotation about a first axis, the cylindrical sur- 
face of the first drum being radially indented by 
a first longitudinal flute (112) parallel to th first 
axis, the object being supported in the first flute 
so that the said frist side projects outward from 
the first flute. 

4. Apparatus according to claim 3 wherein the first 
axis is substantially horizontal. 

5. Apparatus according to claim 3 or 4 wherein the 
first image former (120a) is disposed relativ to 

35 the first drum (110) so that the first image former 

(120a) forms the first image while the object is on 
the first drum at a locating above the first axis. 

6. Apparatus according to any of claims 2 to 5 
40 wherein the second object support (1 03, 1 40, 1 50) 

comprises: 

a second drum (150) having a substantial- 
ly cylindrical surface which is mounted for con- 
centric rotation about a second axis, the cylindri- 
45 cal surface of the second drum being radially in- 

dented by a second longitudinal flute parallel to 
the second axis, the object being supported in 
the second flute so that the second side projects 
outward from the second flute. 

50 

7. Apparatus according to claim 6 wherein th sec- 
ond axis is substantially horizontal. 

8. Apparatus according to claim 6 or 7 wherein the 
55 second image former (120b) is disposed relative 

to the second drum so that the second image for- 
mer (120b) forms the second image while the ob- 
ject is on the second drum at a location above the 
second axis. 



45 
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9. Apparatus according to claim 6, 7 or 8 wherein 
the second object support (130,140.150) further 
comprises: 

a first rotating int rmediate drum (1 30) for 
receiving th object from the first drum (110) af- 
ter the first image former (120a) has formed the 
first image and for passing the object on toward 
the second drum (150); and 

at least one additional intermediate drum 
(140) for receiving the object from the first inter- 
mediate drum (130) and for transferring the ob- 
ject to the second drum (150). 

10. Apparatus according to any of claims 2 to 9 
wherein the first predetermined fraction is more 
than half the circumference of the surface of the 
object. 

11. Apparatus according to claim 10 wherein the sec- 
ond image includes a second predetermined frac- 
tion of the circumference of the said surface, the 
second fraction being more than half the circum- 
ference of the said surface. 

12. Apparatus according to claim 11 wherein the first 
and second images overlap one another in two 
circumferentially spaced regions. 

13. Apparatus according to any of claims 2 to 12 
wherein the first image former (120a) comprises: 

first (30a) and second (30b) sources of il- 
lumination for illuminating, respectively, the said 
first side of the object from two directions which 
are spaced from one another circumferentially of 
the surface of the object. 

14. Apparatus according to claim 1 3 wherein each of 
the first (30a) and second (30b) sources of illu- 
mination are linear illumination sources having a 
longitudinal axis substantially parallel to the long- 
itudinal axis of the first side of the object. 

15. Apparatus according to claim 13 or 14 wherein 
first (30a) and second (30b) sources of illumina- 
tion are infrared illumination sources. 

16. Apparatus according to claim 13, 14, or 1 5 where- 
in the first image former (120a) further compris- 
es: 

first (52a) and second (52b) reflected illu- 
mination guides for respectively guiding illumina- 
tion reflected from the first side of the object 
along two directions which are spaced from one 
another circumferentially of the surface of the ob- 
ject. 

17. Apparatus according to claim 16 wherein the two 
directions associated with the first (52a) and sec- 



ond (52b) reflected illumination guides are both 
between the two directions associated with the 
first (30a) and second (30b) s urces of illumina- 
5 tion. 

18. Apparatus according to claim 16 or 17 wherein 
the reflected illumination guided by each of the 
first (52a) and second (52b) reflected illuminati n 

10 guides comprises an image of a portion of the cir- 

cumference of the said first side, and wherein the 
first image former (120a) further comprises: 

a first video camera (80) having a photo- 
sensitive area; and 

15 first means (62,64,66,68) for directing the 

reflected illumination guided by both of the first 
(52a) and second (52b) reflected illuminati n 
guided by both of the first (52a) and second (52b) 
reflected illumination guides to the photosensi- 

20 tive area of the first video camera (80). 

19. Apparatus according to claim 18 wherein the first 
means (62,64,66,68) for directing directs the re- 
flected aiumination guided by the first (52a) and 

25 second (52b) reflected illumination guides to re- 

spective different portions of the photosensitive 
area of the first video camera (80). 

20. Apparatus according to claim 18 or 19 wh rein 
30 the first means (62,64,66,68) for directing makes 

the optical path length of the reflected illumina- 
tion guided by both of the first (52a) and second 
(52b) reflected illumination guides substantially 
the same between the surface of the object and 
35 the photosensitive area of the first video camera 

(80). 

21. Apparatus according to claim 18, 19 or 20 wh re- 
in the reflected illumination directed to th said 

40 photosensitive area of the first video camera (80) 

occupies only a portion of the said photosensitive 
area, and wherein the first means (62,64,66,68) 
for directing directs the reflected illumination to a 
portion of the photosensitive area of the first vid- 

45 eo camera (80) which is relatively early in the 

scanning sequence of the first video camera (80). 

22. Apparatus according to any of claims 2 to 21 
wherein the second image former (120b) corn- 
so prises: 

third (30a) and fourth (30b) sources of il- 
lumination for illuminating, respectively, the said 
second side of the object from two directions 
which are spaced from one another circumferen- 
55 tially of the surface of the object. 

23. Apparatus according to claim 22 wherein third 
(30a) and fourth (30b) sources of illumination are 
linear illumination sources having a longitudinal 
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axis substantially parallel to the longitudinal axis 
of the said second side of the object 

i 

24. Apparatus according to claim 22 or 23 wherein 5 
the sources of illumination (30a)(30b) are infrared 

j . illumination sources. 

25. Apparatus according to claim 22, 23 or 24 where- 
in the second image former (120b) further com- 10 
prises: 

third (52a) and fourth (52b) reflected illu- 
mination guides for respectively guiding illumina- 
tion reflected from the second side of the object 
along two directions which are spaced from one 15 
anot her ci rcumf eren tial ly of t he surface of t he ob- 
j ject. 

26. Apparatus according to claim 25 wherein the two 

) directions associated with the third (52a) and 20 

! fourth (52b) reflected illumination guides are 

! both between the two directions associated with 

the third (30a) and fourth (30b) sources of illu- 
j mination means. 

j 25 

27. Apparatus according to claim 25 or 26 wherein 
the reflected illumination guide by each of the 
third (52a) and fourth (52b) reflected illumination 

| guides comprises an image of a portion of the cir- 

cumference of the said second side of the object, 30 

j and wherein the second image former (120b) fur- 

ther comprises: 

a second video camera (80) having a pho- 

| tosensitive area; and 

i second means (62,64,66,68) for directing 35 

the reflected illumination guided by both of the 
third (52a) and fourth (52b) reflected illumination 

! guides to the photosensitive area of the second 

video camera (80). 

40 

28. Apparatus according to claim 27 wherein the sec- 
ond means (62,64,66,68) for directing directs the 
reflected illumination guided by the third (52a) 
and fourth (52b) reflected illumination guides to 
respective different portions of the photosensi- 45 
tive area of the second video camera (80). 

29. Apparatus according to claim 27 or 28 wherein 
the second means (62,64.66,68) for directing 
makes the optical path length of the reflected il- so 
lumination guided by both of the third (52a) and 
fourth (52b) reflected illumination guiding means 
substantially the same between the said surface 

of the object and the photosensitive area of the 
second video camera (80). 55 

30. The apparatus according to claim 27, 28 or 29 
wherein the reflected illumination directed to the 
photosensitive area of the second video camera 



(80) occupies only a portion of the said photosen- 
sitive area, and wherein the second means 
(62,64,66,68) for directing directs the reflected il- 
lumination to a portion of the photosensitiv area 
f the second video camera which is relatively 
early in the scanning sequence of the second vid- 
eo camera (80). 

31. Apparatus according to any of claims 2 to 30 fur- 
ther comprising: 

means (214) for analyzing the first and 
second images in order to determine whether the 
object has an acceptable appearance; and 

means (162) for conveying the object from 
the second object support (150) to a different 
destination depending on whether or not the said 
means (216) for analyzing determines that the 
object has an acceptable appearance. 

32. Apparatus according to claim 31 wherein the said 
means (214) for analyzing comprises: 

means for subdividing each of the images 
into a plurality of regions, each region being only 
a relatively small fraction of the dimension of the 
associated image perpendicular to the longitudi- 
nal axis of the object; and 

means for separately processing the im- 
age information in each of the regions in order to 
determine the acceptability of the image infor- 
mation in the region. 

33. Apparatus according to claim 32 wherein th im- 
age information associated with each of the said 
regions is represented by a plurality of pix I val- 
ues, and wherein the means for processing com- 
prises: 

means for comparing each of the said pix- 
el values to a predetermined value so that the im- 
age information in that region can be indicated to 
be unacceptable if more than a predetermined 
number of the said pixel values have a predeter- 
mined relationship to the said predetermined val- 
ue. 

34. Apparatus according to claim 33 whreein the said 
predetermined value is calculated as the average 
of all of the pixel values in the said region. 

35. Apparatus according to any of claims 2 to 34 
wherein the first image former (120a) comprises: 

a first video camera (80) having a photo- 
sensitive area which is larger than necessary to 
receive the first image; and 

first means (62,64,66,68) for directing the 
light of the first image to a portion of the photo- 
sensitive area of the first video camera (80) which 
is scanned relatively early in the scanning se- 
quence of the first video camera (80) in order to 
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produce a first video camera output signal. 

36. Apparatus according to claim 35 wherein the sec- 
ond image former (1 20b) comprises: 5 

a second video camera (80) having a pho- 
tosensitive area which is larger than necessary to 
receive the second image; and 

second means (62,64,66,68) for directing 
the light of the second image to a portion of the 10 
photosensitive area of the second video camera 
(80) which is scanned relatively early in the scan- 
ning sequence of the second video camera (80) 
in order to produce a second video camera output 
signal. *5 

37. Apparatus according to claim 36 wherein the first 
means (62,64,66,68) for directing directs the light 
of the first image to a first portion of the photo- 
sensitive area of the first video camera (80) which 20 
is distinct from a second portion of the photosen- 
sitive area of the second video camera to which 

the second means (62,64, 66,68) for directing di- 
rects the light of the second image. 

25 

38. Apparatus according to claim 37 further compris- 
ing: 

means (212) for simultaneously initiating 
the scanning of the first and second video cam- 
eras (80); and 30 

means (240) for multiplexing the first and 
second video camera output signal, the compo- 
site video output signal being the first video cam- 
era output signal during the scanning of the first 
portion of the photosensitive area of the first vid- 35 
eo camera, and the composite video output sig- 
nal being the second video camera output signal 
during the scanning of the second portion of the 
photosensitive area of the second video camera. 

40 

39. Apparatus according to any of claims 2 to 38 the 
first (110) and second (150) object supports 
move the object relative to the first (120a) and 
second (120b) image formers, respectively, and 
wherein each of the first and second image for- 45 
mers comprises: 

stroboscope illumination sources 
(30a)(30b) for momentarily illuminating the object 
as it moves relative to each of the first (120a) and 
second (120b) image formers in order to effec- so 
lively stop the motion of the object relative to the 
image formers so that the first and second im- 
ages of the object are effectively still images. 

40. Apparatus according to any of claims 2 to 39 55 
wherein the object is one of a plurality of similar 
objects which are handled one after another in 
sequence bythe first (110) and second (150) ob- 
ject supports, and wherein the first (120a) and 



second (120b) image formers are respectiv ly 
disposed relative to the first and second object 
supports so that each time a first object is posi- 
tioned on the first bject support (110) for forma- 
tion of a first image of the first object, a second 
object is simultan ously positioned on the s c- 
ond object support (150) for formation of a sec- 
ond image of the second object 

41. Apparatus according to claim 1 for optically in- 
specting a portion of the cylindrical surface of an 
opaque, substantially cylindrical object, the sur- 
face portion having an axial length which is sub- 
stantially greater than the circumference of th 
object and the surface portion extending circum- 
ferentially at least half way around the object, all 
of the said surface portion being inspected sub- 
stantially instantaneously, the apparatus com- 
prising: 

a support (110) for the object so that the 
surface portion is exposed for optical inspection; 

a source (34a t b) for directing illumination 
at the surface portion from two directions which 
are circumferential ly spaced from one another by 
a first predetermined amount and which ar se- 
lected so that the light from the said two dir c- 
tions collectively illuminates all of the surface 
portion; and 

means (52a, b) for receiving light reflected 
from the surface portion in two directions which 
are circumferentially intermediate the two direc- 
tions associated with the sources (34a,b) for di- 
recting and which are circumferentially spaced 
from one another by a second predetermined 
amount which is less than the first predetermined 
amount, the two directions associated with the 
means (52a,b) for receiving being select d so 
that the means for receiving receives light reflect- 
ed from all of the surface portion. 

42. Apparatus according to claim 41 wherein the 
source for directing comprises first (34a) and sec- 
ond (34b) substantially linear sources of illumin- 
ation, each of which directs light at the said sur- 
face portion from a respective one of the said two 
directions associated with the said source, each 
light source being linearly aligned with the said 
surface portion. 

43. Apparatus according to claim 41 or 42 wh rein 
the means for receiving comprises first (52a) and 
second (52b) linear apertures, each of which 
passes light reflected from the said surface por- 
tion in a respective one of the said two directions 
associated with the means for receiving, each 
aperture being linearly aligned with the said sur- 
face portion. 
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44. Apparatus according to claim 41 , 42 or 43 further 
comprising: 

means (80) for detecting the light received 
by the means for receiving (52a.b) in order to pro- 5 
duce a signal indicative of the light. 

45. Apparatus according to claim 44 wherein the 
means for detecting comprises a video camera 
(80). 10 

46. Apparatus according to claim 45 in which the 
means for receiving comprises first (52a) and 
second (52b) linear apertures, through which 
light reflected from the said surface portion in a 1 s 
respective one of the said directions passes to 

the video camera (80). 

47. Apparatus according to claim 46 whrein the video 
camera (80) has an image receiving surface, and 20 
wherein the said means for direction 
(62,64,66,68) directs light passing through each 

of (52a,b) apertures to a respective different por- 
tion of the image receiving surface. 

25 

48. Apparatus according to claim 47 in which the said 
means for directing comprises: 

first (62) and second (66) mirrors for re- 
spectively reflecting light passing through the 
first (52a) and second (52b) apertures from dif- 30 
ferent directions toward a common axis; and 

third (66) and fourth (68) mirrors on re- 
spective opposite sides of the said common axis 
for respectively reflecting light from the first (62) 
and second (64) mirrors toward the image receiv- 35 
ing surface. 

49. Apparatus according to claim 47 wherein the said 
means for directing comprises at least one prism 

for receiving light passing through one of the 40 
apertures (52a, b) and redirecting that light to- 
ward the image receiving surface. 

50. Apparatus according to claim 49 wherein the 
prism has two operative portions, each of which 45 
redirects light passing through a respective one 

of the apertures (52a, b) toward the image receiv- 
ing surface. 

51. Apparatus according to claim 50 wherein the two so 
operative portions cause convergence of the light 
passing through the apertures (52a,b). 

52. Apparatus according to claim 51 wherein the two 
operative portions cause the convergence by re- 55 
fraction of the light passing through the two op- 
erative portions. 

53. Apparatus according to claim 51 wherein the two 



operative portions cause the convergence by in- 
ternal reflection of the light passing through the 
operative portions. 

54. Apparatus according to claim 53 wherein each of 
the operative portions comprises: 

a first surface for internally reflecting the 
light from a respective one of the apertures 
(52a,b) toward the light reflected by the first sur- 
face of the other one of the operative portions; 
and 

a second surface for internally reflecting 
the light reflected by the first surface of the op- 
erative portion toward the image receiving sur- 
face. 

55. Apparatus according to any of claims 2 to 54 
wherein each of the sources (34a,b) of illumina- 
tion comprises a linear array of the ends of a plur- 
ality of optical fibres (33). 

56. Apparatus according to any of claims 2 to 54 
wherein each of the sources (34a, b) of illumina- 
tion comprises a plurality of light emitting diodes 
(40) disposed in a linear array. 

57. Apparatus according to claim 1 for inspection of 
cigarettes comprising: 

a rolling drum (1) having a travelling rolling 
surface (2) with a plurality of successive flutes (4) 
spaced from each other by identical distances 
and extending at right angles to the direction of 
travel of the rolling surface (2); 

a drive for the rolling drum; 

a rolling block (12) having a count resur- 
face (13) defining with the rolling surface (2) a 
gap (18) through which a cigarette (9) advances, 
the width of the gap (18) being less than the di- 
ameter of a cigarette so that the surfaces (2)(1 3) 
cause the cigarette to roll during travel through 
the gap; 

a first camera (5) arranged to view the ci- 
garette before it enters the gap (18); 

a second camera (14) arranged to view 
the cigarette (9) after it exits the gap (18), where- 
in each of the first and second cameras gen r- 
ates a first signal; 

a vision system coupled to the first (5) and 
second (14) camereas, wherein the vision sys- 
tem receives the first signals from the cameras, 
to compare the first signals to a predetermined 
set of characteristics and generate a second sig- 
nal based on the comparison; and 

a delivery/reject unit having a delivery/re- 
ject drum (1 6) to receive the cigarette (9) from the 
rolling surface (2), the said unit being coupled to 
receive the second signal from the vision system 
for rejecting cigarettes that do not comply with 
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the predetermined s tofcharact ristics. 

58. Apparatus according to claim 57 wherein the arc 
length of the gap (18) is sufficient to roll the ci- 
garette (9) approximately 180° from its position 
before entering the gap. 

59. Apparatus according to claim 57 or 58 further 
comprising a first light (20) source proximate the 
first camera (5). 

60. Apparatus according to any of claims 57, 58 or 59 
further comprising a second light source (21) 
proximate the second camera (14). 

61. Apparatus according to any of claims 57 to 60 fur- 
ther comprising third (22) and fourth (23) cam- 
eras, the third camera being arranged to view the 
cigarette (9) at the same location on the rolling 
surface (2) as the first camera and being con- 
nected to the vision system, and the fourth cam- 
era being arranged to view the cigarette at the 
same location on the rolling surface as the sec- 
ond camera (14) and being connected to the vi- 
sion system. 



the entire circumferenctial surface; 

analyzing the third and fourth images t 
determine whether or not the object meets a pre- 
5 determine criterion; and 

rejecting the object if the predetermined 
criterion is not met. 

64. A method according to claim 62 of inspecting ci- 
10 garettes comprising providing a cigarette (9) on a 

rolling surface (2), viewing the cigarette a first 
time with a first camera (5), rolling the cigarett 
approximately 1 80° with a rolling block (1 2), view- 
ing the cigarette a second time, sending a first 

is signal as a result of the first and second viewtngs 

to a vision system, comparing the first signal to a 
predetermined set of characteristics, transferring 
the cigarette to a delivery/reject unit (1 6), sending 
a second signal based on the comparison from 

20 the vision system to the delivery/reject unit and 

rejecting the cigarettes that do not comply with 
the predetermined set of characteristics. 

65. A method according to claim 64 wherein the step 
25 the of viewing the cigarette (9) is viewed second 

time with a second camera (14). 



62. A method for optically inspecting substantially the 
entire cylindrical surface of a cylindrical object (9) 
comprising: 30 

supporting the object on a support surface 
(1)(110); 

inspecting a first portion of the cylindrical 
surface of the object (9) to generate an image; 

rotating the object (9) through 180°; 35 

inspecting a second portion of the cylindri- 
cal surface of the object, the first and second 
portions together including the entire cylindrical 
surface of the object to generate another image; 

analyzing each image to determine wheth- 40 
er or not they meet a predetermined criterion; and 

rejecting the object if the predetermined 
criterion is not met. 

63. A met hod according to claim 62 for inspecting the 45 
entire cylindrical surface of a cylindrical object 
comprising: 

on a first support (110), illuminating the 
circumferential portion of the said surface from 
two directions to form first and second images; so 

analyzing the first and second images to 
determine whether or not the object meets a pre- 
determined criterion; 

transferring the object to a second support 
(150); 55 

illuminating a second circumferential por- 
tion of the cylindrical surface of the object from 
tw directions to form third and fourth images, 
the first and second portions together including 



66. A method according to claim 64 or 65 wherein the 
step of viewing the cigarette (9) a first time com- 
prises viewing nearly 180° of the circumfer nee 
of the cigarette. 

67. A method according to any of claims 64 to 66, 
wherein the step of viewing the cigarette (9) a 
second time comprises viewing nearly 180° of 
the circumference of the cigarette. 

68. A method according to any claims 64 t 67, 
wherein the step of rolling the cigarette (9) c m- 
prises providing a rolling block (12) with a coun- 
ter-surface (13) cooperating with the rolling sur- 
face (2) to define therewith a gap (18), the rolling 
surface moving the cigarette through the gap, 
and the gap having a length sufficient to roll the 
cigarette by approximately 180° from its position 
before entering the gap. 

69. A method according claim 68, wherein the rolling 
block (12) in the step of rolling the cigarette (9) is 
stationary relative to the rolling surface. 
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(g) Systems for optically inspecting cylindrical surfaces. 

(§7) In the embodiment, the entire cylindrical sur- 
face of a cylindrical object such as a cigarette is 
optically inspected by first inspecting at least 
180° of the circumference of a first side of the 
surface, and then inspecting at least 180° of the 
circumference of the other side. Each of the 
inspection stations illuminates more than 180° 
of the circumference and images the surface 
from two angularly spaced directions to ensure 
that at least 180° of the circumference is seen at 
each station. Any object having a defective 
image is automatically rejected from the ap- 
paratus, and the images and other statistical 
information regarding the performance of the 
system are displayed by the system. The images 
are formed in such a way as to greatly increase 
the speed at which the inspection system oper- 
ates so that it an keep up with the very high 
rates at which objects such as cigarettes are 
made in modern machinery (e.g., approximately 
10,000 cigarettes per minute). The images are 
analyzed using techniques which make poss- 
ible the detection of very small defects and also 
compensate for possible nonuniform illumi- 
nation of the objects in the circumferential 
direction. 

In another embodiment, inspection of oom- 
pi ted cigaretes is accomplished by the cigaret- 
tes travelling on a rolling drum (1) pas a single 
stationary rolling block (512) with perferably 
two cameras (5,14) connected to a vision sys- 
tem. The first camera views the cigarette before 
the rolling block, the cigarette is then rolled 



approximately 180° and then the second camera 
views the previousl hidden portion of the ciga- 
rette. Cigarettes are accepted or rejected based 
on a comparison of the viewed cigarettes to a 
predetermined set of characteristics. 
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